The infl uence of the day of the week of hospital admission on the prognosis of stroke patients O dia da semana de admissão hospitalar infl uenciando o prognóstico de pacientes com acidente vascular cerebral Infl uencia del día de la semana de admisión hospitalaria en el pronóstico de pacientes con accidente vascular cerebral 
Introduction
Strokes are one of the most common causes of death worldwide. Despite the fact that 87% of stroke-related deaths occur in low-and middleincome countries 1 , reliable data on cerebrovascular mortality in Latin America is scarce, and most studies have concentrated on cases in small towns 2, 3, 4, 5 . Stroke mortality rates in Brazil are the highest in the Americas 2 . Despite this fact, few studies have evaluated incidence, case fatality and stroke prevalence rates 4, 5, 6, 7 .
Research in different countries has detected a variation in stroke occurrence according to the day of week on which the patient is admitted to hospital, with most studies showing that the onset of stroke is more common on Mondays 8, 9, 10 . In contrast to this data, other studies report a peak of stroke onset on Tuesdays 11,12 and Wednesdays 13 , or a mixed pattern of occurrence between Saturday and Tuesday 14 or Sunday and Monday 15 . Other studies report an increase in frequency of stroke onset on weekends among young women 16 On the other hand, other studies did not observe any weekly pattern with regard to stroke onset 17, 18 . Some studies show that different patterns occur between men and women; Wang et al. 19 , for example, found that frequency of stroke and cerebral infarct in men was greater on Mondays, while in women the frequency of cerebral hemorrhage was greater on Mondays and the frequency of cerebral infarction was greater on Thursdays and Fridays. In some cases, weekday variations in frequency of stroke onset according to gender occurred only in specific age groups or were associated with low socioeconomic status 15 . Research carried out by Manfredini et al. 20 using a large sample showed no differences in frequency between men and women.
Previous epidemiological studies show that risk of death is higher in stroke patients admitted to hospital on weekends than in those admitted on weekdays 21, 22, 23, 24 . This phenomenon has also been observed for other diseases and has been defined by some authors as the "weekend effect". However, the evidence supporting the weekend effect related to stroke cases is inconsistent and a number of studies confirm that no such association exists for stroke cases or for other diseases 25, 26 .
This study aimed to evaluate the daily distribution (weekdays or weekends) and prognosis of cases of the main stroke subtypes (ischemic and hemorrhagic) using data from the EMMA (Estudo de Mortalidade e Morbidade do Acidente Vascular Cerebral), a cohort of stroke patients admitted to a community hospital in the city of São Paulo, Brazil that adopts the STEPS Stroke WHO protocol 6, 27 .
Methods
The sample consisted of patients participating in the EMMA, a stroke assessment study conducted in the Butantan region that encompasses six districts of the city of São Paulo. This sample is representative of a local community with varying social characteristics and has been described in detail in other studies 6, 27 .
The present study analyzes 430 stroke patients aged 35 years and over admitted to the University of São Paulo Hospital that participated in the EMMA. This study only uses data obtained in STEP 1 of the WHO protocol that consists of a hospital assessment that analyzes the risk factors associated with stroke cases and survival after 10, 28, 180 days and 12 months. First-time stroke cases (ischemic stroke and intracerebral hemorrhage) occurring between April 2006 and December 2008 were analyzed and subject to a one year follow-up conducted by the neurological liaison team. Since the number of subarachnoid hemorrhage cases was minimal this subtype was excluded from the analysis. All potential stroke patients were informed about the questionnaire, follow-up and risks of blood sample collection and medical records review to check clinically relevant information. Information, including vital status during follow-up, was updated through telephone contact, medical registers and death certificates with the collaboration of the municipal and state health offices. All participating patients signed and received a copy of a written informed consent form.
This study was approved by the hospital's Ethics Research Committee.
Statistical analysis
Categorical variables were compared using the chi-square or Fisher exact test as necessary. Mean values were compared using ANOVA. Stroke case fatality after 10, 28, 180 days and 12 months was calculated separately for ischemic and hemorrhagic stroke cases according to the specific day of the week on which the patient was admitted to hospital. Survival was evaluated by stroke subtype (ischemic and hemorrhagic) and the specific day of the week on which the patient was admitted to hospital using a Kaplan-Meyer analysis. Data was compared using the log-rank test. Age-adjusted and multivariate regressions were performed considering all other variables and significant effects on univariate analysis at the p ≤ 0.2 level using the Cox proportional hazards model. All tests were two-sided, and p < 0.05 was considered as statistically significant. Statistical analysis was carried out using the SPSS software version 16.0 (SPSS Inc., Chicago, USA) and the free software R (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org). Table 1 shows the general characteristics of the study sample by the specific day of the week on which the patient was admitted to hospital. A total of 430 first-time stroke patients aged 35 years and over admitted between April 2006 and December 2008 were included in our analysis. No variation in frequency was found between weekday and weekend admissions. Figure 1 shows stroke cases by the specific day of the week of admission. The highest frequency of stroke onset was on Tuesday (18.1%) and Thursday (16.7%) for ischemic stroke, and Monday (20%), Thursday (20%) and Tuesday (18.5%) for intracerebral hemorrhage. No statistically significant differences in frequency of stroke subtypes across specific days of the week of admission (Monday to Sunday) (p = 0.59) were found. Frequency of ischemic strokes was higher on weekends and frequency of hemorrhagic strokes was higher on weekdays (Monday to Friday); however these differences were not statistically significant (p = 0.11). No statistically significant differences were found between genders. With regard to case fatality after 10, 28, 180 days and 12 months, no statistically significant difference in the number of deaths across specific days of the week of admission was found with regard to ischemic stroke. However, a statistically significant difference in case fatality after 10 days and 12 months was found with respect to hemorrhagic stroke (Table 2) .
Results
With regard to one-year survival, we found that patients admitted on weekends had a lower survival rate than those admitted on weekdays Table 1 Baseline characteristics of 430 fi rst-time stroke patients from the EMMA by the specifi c day of the week of admission to hospital.
Characteristics
Monday to Table 2 Case-fatality after 10, 28, 180 days and the one-year follow-up in in-hospital admissions for stroke by stroke subtype (ischemic and hemorrhagic).
Monday to Friday n (%)
Weekends n (%) Ischemic and parenchymal hemorrhagic stroke cases by the specifi c day of the week of admission to hospital.
(p = 0.039). The analysis of survival by stroke subtypes showed no statistically significant difference with regard to ischemic stroke patients ( Figure 2 ). However, with respect to intracerebral hemorrhage, a significant difference in survival rates was found between patients admitted on the weekend (50%, 11/22) and those admitted on weekdays (25.6%, 11/43), p log-rank = 0.03); intracerebral hemorrhage patients admitted at the weekend also had a worse prognosis than those Figure 2 Kaplan-Meier curves showing deaths after fi rst-ever stroke with one-year follow-up by specifi c day of the week of admission to hospital of ischemic stroke patients participating in the EMMA.
admitted on weekdays ( Figure 3 ). The results of the Cox analyses demonstrate a similar pattern (Table 3) with an increased risk of death on weekends among intracerebral hemorrhage patients (multivariate hazard ratio of 2.49; 95%CI: 1.10-5.81, p trend = 0.03).
Discussion
The frequency of ischemic strokes was highest on Tuesdays and Thursdays, while hemorrhagic strokes were more common on Mondays, Tuesdays and Thursdays. No statistically significant difference in the weekday patterns was observed between the ischemic and hemorrhagic stroke subtypes. However, risk of death from hemorrhagic stroke after 10 days and 12 months was greater for patients admitted on weekends and chance of survival from intracerebral hemorrhage was lower in patients admitted on weekends. No difference in survival was found among ischemic stroke patients. Most studies show that the frequency of stroke onset is higher in the beginning of the week 8, 9, 10, 11, 12, 13 . However, a number of studies show that frequency of stroke onset is higher on the weekend 18, 19 or that a mixed pattern of frequency occurs beginning on the weekend and continuing into the beginning of the week until Monday 14 or Tuesday 15 . Our analysis showed that the frequency of strokes was lower at weekends followed by higher frequencies on Mondays, Tuesdays and Thursdays; however, these differences are small and statistically insignificant. Several authors have questioned whether frequency is really higher in the beginning of the week or lower on the weekend 11, 15 . The only study that observed higher frequency at the end of the week (Thursdays and Fridays) analyzed frequencies by gender and stroke subtype, finding that frequency of ischemic stroke onset on Thursdays and Fridays was highest in women 19 . Our study showed no statistically significant differences in frequency of the different stroke subtypes between men and women. It should be noted however that the present study may lack power of analysis when it comes to gender.
In Brazil, the only retrospective study to evaluate cardiovascular deaths (International Classification of Diseases -ICD 9; codes 390 to 459) by the day of the week of occurrence, carried out in Ribeirão Preto, State of São Paulo, showed that incidence peaked on Mondays. However, this study does not provide separate information for stroke cases 21 . The weekly pattern of occurrence of coronary heart disease has been widely studied and results suggest that onset frequency is highest on Mondays. However, there is no consensus on this possibility, even in the case myocardial infarction. The reasons for a possible pattern of increased stroke onset on Mondays are not clear, but may include stress associated with the beginning of weekly activities, higher blood pressure or an inadequate profile of lifestyle risk factors on Monday after weekends 28 . The profile of cardiovascular risk factors between the two groups in this study was very similar and the reasons for this pattern remain unclear.
The majority of studies that evaluated stroke mortality by day of week of occurrence only evaluated in-hospital mortality 24, 26 or case- Table 3 Adjusted hazard ratios (95%CI) for fatal stroke cases by the specifi c day of the week of admission to hospital in the EMMA during one-year of follow-up.
Stroke (deaths/events)
Day of the week (deaths/events) fatality after seven days 22, 23 . One study carried out in a stroke center that evaluated mortality at a three-month follow-up showed no significant differences for cases that occurred during normal office hours and out of office hours 25 . Most studies show higher mortality among patients admitted at weekends 22, 23, 24, 26 . One study concluded that weekends represent a period of increased risk of death for ischemic stroke patients, but that this increased risk appears to represent an exacerbation of underlying night-time risk present during weekdays 26 . Another study showed no differences in stroke mortality by day of week of occurrence 25 . Our results suggest a higher tenday and 12-month case-fatality among hemorrhagic stroke patients admitted at the weekend.
It is important to note that only one study evaluated late case fatality. A study by Albright et al. 25 that evaluated in-hospital and 90-day casefatality found no differences in mortality according to day of admission by stroke subtypes (ischemic and hemorrhagic). Furthermore, most studies have only addressed ischemic stroke cases and provide no information regarding hemorrhagic strokes 22, 26 . These studies showed that inhospital mortality was higher in ischemic stroke patients admitted at the weekend. One study found that mortality was higher on the weekend and showed that certain types of hospital care, such as brain scans, were less available on these days and this could explain the higher risk of mortality at weekends 29 . In contrast, with regard to ischemic stroke, no difference was found between in-hospital mortality rates and day of admission. However, the rate of ten-day and twelve-month case-fatality was higher among hemorrhagic stroke patients.
We found a high rate of mortality after twelve months among the intracerebral hemorrhage patients in our sample. The only study that evaluated late case-fatality (after 90 days) was that of Albright et al. 25 . One important difference is that they evaluated stroke fatality in a stroke unit as opposed to a community hospital and therefore differences in patient profile could explain any differences. It is possible to speculate that certain factors related to the hospital stay could be associated with the survival rates observed at the one-year follow-up. However, the effect of these factors is very small and unclear due to the small number of stroke deaths at oneyear follow-up.
The weekend effect is not restricted to stroke patients and several possible explanations for this phenomenon have given for a number of different conditions worldwide. One of the most plausible explanations is the reduced number of hospital staff and lack of availability of certain invasive procedures at weekends. Furthermore, the weekend effect may exist due to differences in the profiles of weekend and weekday stroke patients; however, this was not the case in our study because the cardiovascular risk factors and sociodemographic characteristics of the two groups were very similar. Manfredini et al. 20 also suggests that patients with multiple comorbidities and more severe stroke cases are more likely to arrive at hospital at the weekend as is the case with more severe cases of acute myocardial infarction (with ST segment elevation). In our analysis, a multivariate adjustment for age and certain cardiovascular risk factors did not affect the results. However, the EMMA adopts the original protocol of WHO protocol and information regarding other cardiovascular risk factors, such as diet and physical activity, that may also influence the results and could help to explain the higher mortality from hemorrhagic strokes at the weekend, were not available.
Our study has the following advantages: it was performed at a community hospital that accounts for approximately 80% of all hospitalizations in the study region; the diagnosis of the stroke subtype was performed by a neurological liaison team using CT-scan; the present study evaluated survival after a one-year follow-up as opposed to most studies that evaluated only in-hospital mortality or seven-day case-fatality. Limitations of this study include: the exclusion of outpatients, which might be considered as a bias due to the exclusion of mild cases that do not seek medical care or more severe cases that died before being admitted to hospital; the sample size may not provide for certain stratified analyses; since this was an observational study losses (66 individuals or 15.3%) occurred during the twelvemonth follow-up. Despite the latter limitation, additional missing data analysis found no significant changes to the findings described here.
Our findings show a poor twelve-month survival rate among intracerebral hemorrhage patients admitted at the weekend. This difference cannot be explained by the risk factor profile of patients that was similar in both groups.
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